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[57] ~ ABSTRACT

Instantaneous coefficient of friction ji(K) and slope K,
of the p-slip curve are evaluated from the drive torque
or the brake torque and the wheel speeds. The values of
K. obtained by successive calculations constitute the
feedback of the control system, which is compared with
a target value K., The connection value thus ob-
tained influences a final control element which modifies
the braking pressure or, for example, the quantity of fuel
per unit time. The control system gain varies with the
adhesion coefficient fi(K).

8 Claiins, 1 Drawing Sheet
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AUTOMATIC CONTROL SYSTEM FOR
ANTILOCKING AND ANTISKID APPLICATIONS

BACKGROUND OF THE INVENTION

From DE-OS 35 35 843, for example, it is known to
estimate parameters by using the measured speed of a

~ wheel and the measured brake pressure in successive

sensing times . . . (T—1), T, (T—1) ... by means of a
difference equaticn and by using knawn identification
algorithms. These parameters are used to determine
estimated values ji(;) for the friction coefficient between
tire and road. The ji-values serve to determine the slope
of the slippage curve

| dil
Ky =

in the operating point and can be used in an anti lock
brake control to achieve an optimal control. The slope
K of the p-curve serves as a control value, and the
brake pressure is controlled such that K, corresponds to
a small, posmve value. The sllppage selected is always
one that is to the left of the maximum (on the stable
portion) of the u-slippage curve, however, very close to
the maximum.

SUMMARY OF THE INVENTION

The mnvention is based on the known control system
and broadens it to include the ASR case and improves
the system in that it makes the gain additionally depen-
dent upon the determined {1 and correspondingly calcu-
lates the control amplifier.

In the ABS case, the continuous manipulated variable
(e.g. the proportional valve) influences the brake pres-
sure In the ASR case, in order to change the drive
torque, the amount of fuel supplied per time unit, the
‘ignition or the brake pressure at the driven wheels in
dependency upon K, are varied. In both cases, the
wheel speed is measured and, further, a value corre-
sponding to the brake torque and/or drive torque is
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‘determined (e.g. the brake pressure and/or the amount |

of fuel injected per time unit).

Since the manipulated variable is continuous, the
control is hence also continuous. )

Moreover, the control is adaptive since K, is not
measured directly but determined by parameter estima-
tion. Further, the control parameters are constantly
adjusted to the instantaneous u-values.

The control of the invention makes optimal or nearly
optimal use of the frictional connection. Since there are
no gear change thresholds, this control is user-oriented.

BRIEF DESCRIPTION OF THE DRAWING

The single figure shaws a control circuit in an ABS
application.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

In the figure, the 'vehicle-tire-road-systcm bears refer-
ence numeral 1. A brake pressure Ppis supplied to this

system. The wheel speed Vg is indicated as an output

value on the right side. Signals corresponding to the
values Pg and Vg are supplied to an estimator 2. The
latter supphcs at successive sensing times K estimated
values ji() and T, the instantaneous friction coefficient
and/or the 1nstantaneous slope of the u-slippage curve.
This is carried out in a manner known from DE-OS
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3535843 or in any other known way or in ways still to
be found. The estimated value K“ 1s supplied to the
subtractor 7 as an actual value. Also supplied thereto is
a small positive value K4, as a target value. Then, the
difference of the actual value signals and the target
value K, qr 1S, as a control value, supplied to a control
amplifier 3. Preferably, the control amplifier 3 exhibits
proportional and integral behavior. As will be shown
later, it will be adjusted to the instantaneous fi(;). The
output signal Py thereof is filtered in a filter 4. The so
resulting value Pys influences a continuously adjustable
final control element, e.g. a proportioning valve, via
which the necessary brake pressure Ppgis supplied to the
wheel brake (in I).

In order to achieve an improved dynamic behavior
and an improved stability of the control loop, an adjust-
ing element 6 is used to continuously adjust the gain
factor K g of the control ampliﬁcr 3 in dependency upon
the determined fi(;). This is preferably done according
to the following rule:

Initial setting: Kr=KRg o (for the bcst but still stable
selection, e.g. for 1=0.1)

N G forGrp < G
Adjustment factor: Gp=1 -0 - 4 = (G;‘mm o Gi N Gimm
max max

KRrO
Gr

Adjustment: Kg =

Based on the initial setting K g o of the gain factor, an
adjustment .factor G is calculated in each calculation
step (=sensing interval T 4). This adjustment factor Gr
then determines the new selection Kg. Further, it is
dependent upon u, with o being the adjusting speed. o
can again be selected as constant or in dependency upon
i(un=large, then o =large).

The control circuit for an ASR-case differs from the
one of the single figure in that the input value of the
vehicle-tire-road system is not the brake pressure but,
for example, the amount of fuel Mg supplied to the
engine per time unit. This amount 1s, for example, mea-
sured and supplied to the estimator 2 which determines
fi(s) and K;L Here too, the actual value is KF and the

~target value is again Ky 14,20 or equal to 0. The signals

at the outputs of the elements 3 and 4 do not correspond
to pressures but to amounts of, fuel per time unit. Manip--

ulated values for this purposq are, for example, known

in connection with E-gas.

I claim:

1. System for controlling torque at a vehicle wheel
moving at a speed, said torque being one of driving
torque or braking torque, said wheel upon application
of torque exhibiting slippage characterized by a u-slip-
page curve having a stable portion, an unstable portion,
and a maximum therebetween, said system comprising

means for measuring the speed of said vehicle wheel

and producing a wheel speed signal,
means for determining the torque applied to said
vehicle wheel and producing a wheel torque signal,

means for estimating an instantaneous friction coeffi-
cient [1(t) and a corresponding instantaneous slope
KP, of the u-slippage curve from said wheel speed
signal and said wheel torque signal at respective
sensing times (T—1), T, (T+1) ..



3

means for determining a difference between f(p and a
target slope K- on the stable portion of said p-
slippage curve.

a control amplifier which generates an output signal
from said difference, said control amplifier having
a gain factor Kg which changes in dependence
upon the instantaneous friction coefficient fi(t), and

a final control element which generates said wheel
torque signal from said output signal.

2. System as in claim 1 wherein said gain factor is
changed in proportion to the instantaneous friction
coefficient [i(t).

3. System as in claim 2 wherein said gain factor is
changed according to the equation Kr=Kgro/(1 —op),
where KRro 1s an initial setting and o is an adjustment
speed.

4. System as i claim 3 further comprising adjustment
means which limits an adjustment factor Gr=1—ou by
minimum and maximum values.

5. Method for controlling torque at a vehicle wheel
moving at a speed, said torque being one of driving
torque or braking torque, said wheel upon application
of torque exhibiting slippage characterized by a u-slip-
page curve having a stable portion, an unstable portion,
and a maximum therebetween, said method comprising
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measuring the speed of said vehicle wheel and pro-

ducing a wheel speed signal,

determining the torque applied to said vehicle wheel

and producing a wheel torque signal,
estimating an instantaneous friction coefficient fi(t)
and a corresponding instantaneous slope K, of the
p-slippage curve from said wheel speed signal and
said wheel torque signal at respective sensing times
T-),T,(T+D..., .

determining a difference between K, and a target
slope Kutar on the stable portion of said u-slippage
curve,
generating an output signal from said difference using
a gain factor Kr which changes in dependence
upon the instantaneous frigtion coefficient ji(t), and

generating said wheel torque signal from said output
signal.

6. Method as in claim § wherein said gain factor Kg
changes in proportion to the instantaneous friction coef-
ficient f(t). '

7. Method as in claim 6 wherein said gain factor
changes according to the equation Kg=Kgro/(1 —orp),
where Kro is an initial setting and o is an adjustment
speed.

8. Method as in claim 7 wherein an adjustment factor
Gr=1—op is limited by minimum and maximum val-

Uues.
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENTNO. : >,135,290
DATED

August 4, 1992
INVENTOR(S) : Chi-Thuan Cao

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby
corrected as shown below:

Column 1, line 9, replace "{(T-1), T, (T-1)" with
- (T""'l); T' (T+1) T e

Column 1, line 65,delete "times K" and insert -- times T --.
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